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(57) Abstract 

The present invention provides 
new and structuaUy diverse compositions 
for diagnostic imaging comprising 
compounds of general formula (I), 
wherein A is N or CM; D, E, and 
F are independently O, -0(CH 2 >20-, 
0(CH 2 ) 3 0-, or NRs; X is CO2H, PO3H2, 
SO3H, or CONHOH; g, h, i, j, k, and 
m are an integer from 1 to 6 and Rl is 
as described in the specification. 
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FITKrrTIONAL.T?.RD TRIPQn&T. LTGANDS FOR IMAGING APPLICATIONS 



FIELD r>F THE IN VENTION 
This invention relates to magnetic resonance 
imaging (MRI) , x-ray imaging, and radiopharmaceuticals. 
More particularly the invention relates to methods and 
compositions for enhancing MRI, x-ray imaging, and 
radiopharmaceuticals . 

BACKGROUND OF THE INVENTION 



The use of contrast agents in diagnostic 
15 medicine is rapidly growing. In X-ray diagnostics, for 

example, increased contrast of internal organs, such as 
the kidneys, the urinary tract, the digestive tract, the 
vascular system of the heart (angiography) , and so forth 
is obtained by administering a contrast agent which is 
20 substantially radiopaque. In conventional proton MRI 

diagnostics, increased contrast of internal organs and 
tissues may be obtained by administering compositions 
containing paramagnetic metal species which increase the 
relaxivity of surrounding protons. In ultrasound 
25 diagnostics, improved contrast is obtained by 

administering compositions having acoustic impedances 
different than that of blood and other tissues. 



The recently developed technique of MRI 
encompasses the detection of certain atomic nuclei 
utilizing magnetic fields and radio-frequency radiation. 
It is similar in some respects to X-ray computed 
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tomography (CT) in providing a cross-sectional display 
of the body organ anatomy with excellent resolution of 
soft tissue detail. As currently used, the images 
produced constitute a map of the proton density 
distribution ,the relaxation times, or both, in organs 
and tissues. The technique of MRI is advantageously 
non-invasive as it avoids the use of ionizing radiation. 

While the phenomenon of NMR was discovered in 
1945, it is only recently that it has found application 
as a' means of mapping the internal structure of the body 
as a result of the original suggestion of Lauterbur 

( Nature , 242, 190-191 [1973]). The fundamental lack of 
any known hazard associated with the level of the 
magnetic and radio- frequency fields that are employed 
• renders it possible to make repeated scans on vulnerable 

individuals. In addition to standard scan planes 

(axial, coronal, and sagittal), oblique scan planes can 

also be selected. 

With an MRI experiment, the nuclei under study 
in a sample (e.g. protons) are irradiated with the 
appropriate radio- frequency (RF) energy in a highly 
uniform magnetic field. These nuclei, as they relax, 
subsequently emit RF at a sharp resonance frequency. 
The resonance frequency of the nuclei depends on the 
applied magnetic field-. 

According to known principles, nuclei with 
appropriate spin, when placed in an applied magnetic 
field (B, expressed generally in units of gauss or Tesla 
CIO 4 gauss]) align in the direction of the field. In the 
case of protons, these nuclei precess at a frequency, f, 
of 42.6 MHz, at a field strength of 1 Tesla. At this 
frequency, an RF pulse of radiation will excite the 
nuclei and can be considered to tip the net 
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nvagnetization out of the field direction, the extent of 
this rotation being determined by the pulse duration and 
energy. After the RF pulse, the nuclei -relax- or 
return to equilibrium with the magnetic field, emitting 
radiation at the resonant frequency. The decay of the 
emitted radiation is characterized by two relaxation 
times, i.e., T l# the spin-lattice relaxation time or 
longitudinal relaxation time, that is, the time taken by 
the nuclei to return to equilibrium along the direction 
of the externally applied magnetic field, and T„ the 
spin-spin relaxation time associated with the dephasing 
of the initially coherent precession of individual 
proton spins. These relaxation times have been 
established for various fluids, organs and tissues in 
15 different species of mammals. 

in MRI, scanning planes and slice thicknesses 
can be selected. This selection permits high quality 
transverse, coronal and sagittal images to be obtained 
directly. The absence of any moving parts in MRI 
equipment promotes high reliability. It is believed 
that MRI has a greater potential than CT for the 
selective examination of tissue characteristics in view 
of the fact that in CT, x-ray attenuation coefficients 
alone determine image contrast, whereas at least five 
separate variables (T x , T 2 , proton density, pulse 
sequence and flow) may contribute to the MRI signal. 

By reason of its sensitivity to subtle 
physico-chemical differences between organs and/or 
tissues, it is believed that MRI may be capable of 
differentiating different tissue types and in detecting 
diseases which induce physicochemical changes that may 
not be detected by X-ray or CT which are only sensitive 
to differences in the electron density of tissue. 
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As noted abov . two of the pri»elp.l i»>i» 

Relaxation Phenomena are essentially 

whereby the initially parted ^^^^7 o" 
dissipated to the surrounding environment. The rat. 
tnis energy loss or relaxation can be ^"^^ 
„ fher nuclei which are paramagnetic. Chemical 
com^dstcorporatin, these paramagnetic nu cleima, 
substantially alter the T, and T a values for nearby 
protons. The extent of the paramagnetic effect of 
given chemical compound is a function of the 
15 environment. 

In general, paramagnetic species such as ions 
of elements with atomic numbers of 21 to 29. 4 « 44 
!nd 58 to 70 have been found effective as MRI image 
and 58 to ™ na , of suitable ions include 

20 contrasting agents, ^xamp^ °* . iron (II> , 

chromium ( III ) . manganese ( II ) . manganeselli . 
iron(III). cobalt(II), nickel(II). copper II. . 

p^seoaymium.III, . "^^i^^-ng -Utic 
vtterbiumUH) . Because of their very stro g » 
Omenta. gadoliniumUII. . terbium.III. . dysprosium.III. . 

holmium(III) and erbium(III> are preferred. 

Gadolinium(III) ions have been particularly preferred 

MRI contrasting agents. 

oypically. paramagnetic ions have been 
administered in the form of complexes with organic 

^.;T»T,^"--. and 
ST ~ P id clearance from the body following 

io" with conventional aminocarbcxylic acid complexing 
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agents. A preferred complex disclosed by Gri s et al. 
is the complex of gadolinium (III) with 
diethylenetriamine-pentaacetic acid (-DTPA-). 
Paramagnetic ions, such as gadolinium ( III ) , have been 
found to form strong complexes with DTPA, 
ethylenediamine-tetraacetic acid (-EDTA-), and with 
tetraazacyclododecane-N,N' ,N- ,N- '-tetraacetic acid 
("DOTA"). 



10 

These complexes do not dissociate substantially in 
physiological aqueous fluids. The gadolinium complex of 
DTPA has a net charge of -2, whereas the gadolinium 
complex of EDTA or DOTA has a net charge of -1. and 

15 been are generally administered as soluble salts. 

Typical salts are sodium and N-methylglucamine . The 
administration of salts is attended by certain 
disadvantages. These salts can raise the in vivo ion 
concentration and cause localized disturbances in 

20 osmolality, which in turn, can lead to edema and other 

undesirable reactions. 

Efforts have been made to design new ionic and 
neutral paramagnetic metal complexes which avoid or 
25 minimize the above mentioned disadvantages. In general, 

this goal can be achieved by converting one or more of 
the free carboxylic acid groups of the complexing agent 
to neutral, non-ionizable groups. For example, S.C. 
Quay, in U.S. Patents 4,687,658 and 4,687,659, discloses 

30 alkylester and alkylamide derivatives, respectively, of 

DTPA complexes. Similarly, published Dean et al., U.S. 
Patent Number 4,826,673 discloses mono- and 
polyhydroxyalkylamide derivatives of DTPA and their use 
as complexing agents for paramagnetic ions. It can also 

35 De achieved by covalent attachment of organic cations to 
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complex is zero. 



The nature o£ additional 

„► «m hav a significant impact on tissue 
'^Z: iZ^ic c Jexes tend to concept 
Iftn S-Hl ^fluids, wner as lipophilic flexes 
in the ince differences in 

t end to associate with ce Is. Thus, Qf the 

hydrophilicity can lead to different a PP 

„ «;p e for example, Weinmann et al . , AJR^ ]az, 
compounds. See, for examp , ^ ^ 

679 (Mar. 1984) and Brasch, et al., &t&> 



1984) . 



35 



Finally, toxicity of paramagnetic metal complexes 
• I a fected by the nature of the complexmg 
"Its of free metal ions from the 
agents, in vivo s. ftV ; c itv Four principal 

co^-lex is a neior cause £or 

£a ctors are ^"^^ t hat ar e highly 
making paramagnetic metal compi 

stahle in vivo and less toxi^ - ^ 

S " bii r r^iUtT^ 1 SateHhe affinity 

Trrrallyt "onated ligand has for a metal. 
that the totally u p stabiUty constant 

The second factor is tn important when 

which takes into account the pH ana is P 

•»-,4n 0 stability under physiological pH. me 
considering 8tsb ^ £or the para magneti= metal 
selectivity of the liga 

rrsr — - — 

., h strU ctural features that make in vivo 
t^smlcIlUtion reactions much slower than their 
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clearance rates would be predicted to have low 
toxicities. Therefore, in vivo reaction kinetics are a 
major factor in the design of stable complexes. See, 
for example, Cacheris et al., Magnetic Resonance 
imaging . 8:467 (1990) and Oksendal, et al., JMRI, 3:157 
(1993) . 



A need continues to exist for new and 
structurally diverse compounds for use as imaging 
agents. There is a further need to develop highly 
stable complexes with good relaxivity and osmolar 
characteristics. 



20 



25 



35 



SUMMARY THE T NVENTION 

The present invention provides new and structurally 
diverse compositions comprising compounds of the general 
formula: 



X X 
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wherein A is N or CR>, R, is hydrogen, Cl -C. alkyl, 
or C 6 -C J0 aryl, where th alkyl or aryl group may b 
optionally substituted with one or more hydroxy, C.-C. 
alkyl, Cx-C. hydroxyalkyl, C r C, alkoxy, C 6 -C l0 aryl, C t -C 10 
hydroxyaryl, C 4 -C l0 aryloxy, -C0 2 R 2 , 
-CONR 3 R 4 , or NR 3 R 4 ; R„ and R 4 may be the same or 
different and are hydrogen, C^C. alkyl, C x -C. 
hydroxyalkyl and C t -C. alkoxyalkyl, R 3 and R 4 may form a 5 
or 6 membered carbooyclic ring optionally containing 
singularly or in combination nitrogen oxygen or sulfur 
D is O, -0<CH 2 > 2 0-, -0<CH,),0-, or NR 5 ; E is O, -0W 2 O . 
-0<CH 2 > 3 0- or NR«; F is O. -0<CH,) 2 0-, -0(CH 2 ) 2 0- or NR 7 ; 

p r and R 7 may be the same or different and are 
h^rogen* C.-C. aW, or C,C 10 aryl, ~ 
aryl group may be optionally substituted with one or 
more hydroxy, C t -C. alkyl, C 2 -C. hydroxyalkyl, C r C. 
alkoxy, C 4 -C 10 aryl, C 6 -C„ hydroxyaryl, C.-C, 

>R4 , or -NR 3 R 4 , -SH, -P0 5 H 2 , -S0 3 H or -CONHOH, 
k and m may be the same or different and are 



iKoxy, w v.xo - ~ or _ C0NH0H . 

C0 2 R 2 , -CONRjR*, or -NR 3 R 4 , SH, ru 5 " 2 . ^ j: 3 t( _ h a ^ „ 

an integer from one to about six, X rs -CO*. -PO.H,. 



SO,H or -CONHOH. 

Also provided are compositions comprising complexes 
of the compounds with metal ions of the general formula 

r>6 >cH ^ ), (C ^ ^,, 

\ x' z 



35 
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wherein A is N or CR„ wherein R, is hydrogen. C.-C. 
alky!, or C.-C„ aryl. where the alxyl or aryl group may 
be optionally substituted with one or more hydroxy. C, C. 
alxyl. C.-C. hydroxyalkyl. C.-C. Ixoxy ' ^ • 
hydroxyaryl. C«-C,„ aryloxy. -C0,R„ -CONR.R., or NR,R.. 
R„ R, and R. may be the same or different _and are 
hydrogen. C.-C. alxyl. C.-C. hydroxyalkyl and C, C. 
alkoxyalkyl, R, and R. may form a 5 or 6 membered 
carbooyolio ring optionally containing srngularly or m 
combination nitrogen, oxygen or sulfur; D is 0. - 
O.CH.,,0-. -0<CH I ),0- or HR 5i > is O. -°<=H>>>°" 
or NR.. F is 0. -0<CH,>,0-. -0<CH,,,0- or NR,; Rs, R.. and 
r, may be the same or different and are hydrogen. C.-C. 
alxyl. or C.-C,. aryl. where the alxyl or aryl group may 
be optionally substituted with one or more hydroxy. C.-C. 
alxyl. C.-C. hydroxyalkyl. C.-C. alxoxy^J ^ sry^ C,-C„ 
hydroxyaryl. C.-C„ aryloxy. -CO^. -CONR.R.. or -NR.R.. 
SH -POA. -SO.H or -CONHOH; g, h. i. 3. k and m may be 
the same or different and ere selected from an integer 
from one to about six, z is -CO,Y. -PO,HY. -SO,Y or - 
, 5 CONHOY; and Y is a metal ion equivalent and/or a 

Physiologically acceptable cation of an inorganxc or 
organic base. r- 

Compositions comprising the above formulas wherein 
30 y is a radioactive metal ion. a paramagnetic ion, or a 

metal ion capable of absorbing x-rays are also provided 
for use as radiopharmaceuticals, magnetic resonance 
imaging, and x-ray contrast agents, respectively. 

35 Diagnostic compositions comprising the compounds of 
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• „ also provided. Methods of performing 
th invention « » ls0 P COTpositi0 ns of the invention 
aia^ostio prooedu-s^i ^ adminis terin g 

are "f ££ J* e ve ^ of the positions of 

procedure. 

. .^f^Sare suited for 
Z TSEZ duties include x-rays 
r^etic reliance ^ - "diophsr.aceuticais. 

synthetic pollers. '"^^/frole in biological 
and synthetic nucules ^ ^ nes . ^ acids. 

systems. Bi ° BOl / OU ^! i 1 c r ptoteins. deoxyribonucleic 
peptides, peptidomimetics. _ pro albumins , 

acid (DNA) ribonucleic a=» ^J^., Iecepto r 
polyclonal antibodies, re P and aptamer s. 

binding molecules, monoclone ant ibo ^ 

specific exiles ^^^'t^somes and nucleic 
P-taglandins^wtb ^ ^ ^ inc lude 

25 ,=id probes. f^"^^.. and cyclodextrins 

polylysine. arborols * include enhanced 

The advantages of using.o d deU very. 

ti ssue targeting through ^"'^Vbiomolecules can 
coupling of the Z^ZZT M .e.g.. 
30 be accomplished by se ^ er * PpR , comm , 30, 

Krejcare* and « »f , ^^r=r^ClW3) . 

For example, » ^eactiv reactive group located 

gr oups is coupled wxtha seco Uc group is 

on the biomolecule. Typically, 
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reacted with an electrophilic group to form a covalent 
bond between the biomolecule and the chelate. Examples 
of nucleophilic groups include amines, anilines, 
alcohols, phenols, thiols and hydrazines. Electrophilic 
group examples include halides, disulfides, epoxides, 
maleimides, acid chlorides, anhydrides, mixed 
anhydrides, activated esters, imidates, isocyanates and 
isothiocyanates. And finally, the compositions of the 
invention should provide the additional advantage of 
being kinetically inert. 

Examples of suitable alkyl groups for use with the 
invention include methyl, ethyl, propyl, isopropyl, 
butyl, cyclohexyl, heptyl and octyl. Suitable alkoxy 
groups include methoxy, ethoxy, propoxy, butoxy, 
pentoxy, hexoxy, heptoxy and octoxy. Hydroxyalkyl , 
groups suitable for use with the invention include both 
mono and poly hydroxyalkyls such as hydroxyethyl , 2- 
hydroxypropyl, 2, 3-dihydroxypropyl, 2,3,4- 
trihydroxybutyl, tris (hydroxymethyl) methyl and 2- 
hydroxy-l-hydroxymethyl-ethyl. Suitable alkoxyalkyl 
groups include methoxymethyl, 2, 3-dimethoxypropyl, tris 
(methoxymethyl) methyl, and 2 -methoxy-1 -methoxymethyl - 
ethyl . 



25 



30 



35 



Examples of suitable compounds of the invention are 
N» N" ,N" ' -tris (carboxymethyl) -N,N,N-tris [ I [ (2- 
hydroxyphenyl)methyl]amino]ethyl]amine, N',N',N' 

tris ( carboxymethyl ) -N, N, N 

tris 1 1 [hydroxyethyl] amino] ethyl] amine, 

1 1,1-tris [2, 5-dioxo-6-carboxyhexyl] ethane, 2,2,2- 

trist2,5-dioxo-6-carboxyhexyl]ethanol, N,N,N',N'- 

tetrakis (carboxymethyl) -2-carboxymethoxy-l, 3- 

diaminopropane, 1 , 9-bis [ (2 -methoxy ethyl) amino] -1,9- 

dioxo-3 , 7 -diaza-5- ( carboxymethoxy ) -3 , 7- 



11 
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ol5(w 2 _ ( ca rboxymethyl ) amino-* . . 

diaminopropane, 1.9-Disiu» 
dioxo-3,7-diaza-5Mca^^^^ 
bis (carboxymethyl)nonan , and N,N ,N 

tris(carboxymethyl) -1.1.1- compounds are 

trisl(methylamino)methyl]ethan . 

generally referred to as Hgands. 

* -v.* novel ligands or compounds of the 
Complexes of the novel 1 • ^ ^ ^ 

invention with one or more centra 

• such as paramagnetic metals 

ion equivalents such as P saroar iuro<III> , 

oraseodymium(III) , neodymium(III) , sama 

TO „ g anese(II). manganese III). * are useful for 

chromiumdlD. cobalt. ID — ^ such metal 

enhancing magnetic " son ^ ^ 9 . n nature an d capable 
ions are themselves paramagnetic in 

0£ Bering the ~£ ^ or -r 

characteristics of body tissue. re(3 in 

^ exhibit significant - ^ 
the form of ionic s Its. Howe ^ nontoxic 

th e invention « e " Ut ^ ncing Mgne tic resonance 
rr/avo^S relaxation times T t and T, 

2 TffTrdlTi^ed contrast between normal and 

diseased tissues or organs. 

» referred ^^^^IZ^ 
formed from the above Ugands and «^ as ^ 
rang anese,n,. mangane se »^ ^ 
central metal ion « ««. eentral 

£C „ l X hHUlexes formed may be neutral, 



12 



10 



15 



20 



PCT/US94/07344 

WO 95/01124 



ionic, cationic, or 2 witterionic in nature, or they may 
be negatively charged. The neutral complexes are 
generally preferred and generally appear to exhibit 
relatively lower toxicity as compared to ionic or 
negatively charged complexes. The negatively charged 
complexes formed by the ligands and central metal ions 
enumerated above may be further complexed with one or 
more cations of an inorganic or organic base which are 
physiologically tolerated. Examples of cations for 
further complexing include sodium, potassium, calcium, 
and salts of N-methylglucamine , and diethanolamine. 

Examples of preferred compounds of the invention 
and one or more central metal ions (i.e., complexes) 
include H.N." ,N" -tris (carboxymethyl) -N,N,N-tris [ [ t (2- 
hydroxyphenyl) methyl] amino] ethyl] amine, gadolinium 
complex, 

N N" N'" tris (carboxymethyl )-N,N, N- 
tris'[t[hydroxyethyl]amino]ethyl]amine, dysprosium 

complex, 

1.1. 1- tris (2 . 5-dioxo-6-carboxyhexyl] ethane, gadolinium 
complex, 

2.2. 2- tris [2 . 5-dioxo-6-carboxyhexyl J ethanol , dysprosium 
complex. 
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N N N' N'-tetrakis(carboxymethyl)-2-carboxymethoxy-l,3- 
diaminopropane, gadolinium complex, dimeglumine salt. 

1 9-bis [ (2-methoxyethyl) amino] -1, 9-dioxo-3, 7-diaza-5- 
(carboxymethoxy) -3 , 7-bis ( carboxymethyl )nonane, 
gadolinium complex, 



13 
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complex, disodium salt, 

5 .carboxymethyl)amino-3,7-bxs(carD xy™ 
complex, and 

- N> ^, N ..tris(carboxymethyl -1,1, complex. 
tri sl(methylamino)methyl]ethane, dyspros 

10 . t-h^ir utility in magnetic resonance 

imaging procedures, tm 

can also be employed ^ ^ ^ 

MdiOP rtrTo r u inTiegnostic and therapeutic 
into the body. For^ ^ . Qn mst be 

radiopharmaceuticals the cow . lements technetium, 

tadi oactive. «^ oi80tOPeS °* rum, samarium and 

senium, indium, galLum. copper- ytm ^ 
h0 lmiu» are suitable For use as ^ ry ^ ^ 
plications the complexed « TOtal ions 

absorb ^STL-tiZ*.. suitable 
^ 'Tfor u « ^radioop^e metal ion include 
STSii ! Ulinium. dysprosium, holmium and 
25 praseodymium. 

Examples of preferred compounds for 
radiopharmaceuticals are 

„,,. tris (carboxymethyl>-N. S, H-trisllt(2- 
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N 

h: 

complex/ 



, vTW».trislcarboxymethyl)-N, N, N- 
N' , N' # N' -tris c ]amine , in dium complex, 

tris 1 1 [hydroxy ethyl) amino] etnyi 
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1, 1, 1-tris 12 ,5-dioxo-6-carboxyhexyl] ethane, gallium 
complex, 

N, N, N', N'-tetrakis(carboxymethyl)-2-carboxymethoxy- 
1,3-diaminopropane, rhenium complex, and 

N, N' , N' '-tris (carboxymethyl) -1, 1, 1- 
tris[(methylamino)methyl] ethane, yttrium complex. 

Examples of preferred compounds for x-ray contrast 
agents are 

N', N", N" '-tris (carboxymethyl) -N, N, N-tristlt(2- 
hydroxyphenyl) me thy 13 amine] ethyl] amine, lead complex, 

N', N", N' ' ' -tris (carboxymethl) -N, N, N- 

tris [ [ [hydroxyethyl] amino] ethyl] amine, gadolinium 

complex, 

1 , 9-bist [ ( 2 , 3-dihydroxypropyl ) amino] -1 , 9-dioxo-3 , 7- 

diaza-5-carboxymethyl) amino-3 , 7- 

bis (carboxymethyl) nonane, dysprosium complex, and 

1, 9-bis [ (2-methoxyethyl)amino] -1, 9-dioxo-3,7-diaza-5- 
(carboxymethoxy) -3,7-bis (carboxymethyl) nonane, bismuth 
complex. 

The compositions of the invention can be formulated 
into diagnostic compositions for enteral or parenteral 
administration. These compositions contain an effective 
amount of the paramagnetic ion complex along with 
conventional pharmaceutical carriers and excipients 
appropriate for the type of administration contemplated. 
For example, parenteral formulations advantageously 
contain a sterile aqueous solution or suspension of from 
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about 0.05 to about 1.0M of a paramagnetic ion complex 
according to this invention. Parent ral compositions 
may be injected directly or mixed with a large volume 
parenteral composition for systemic administration. 
Preferred parenteral formulations have a concentration 
of paramagnetic ion complex of about 0.1M to about 0.5M. 
Such solutions also may contain pharmaceutical* 
acceptable buffers and, optionally, electrolytes such as 
sodium chloride. The compositions may a ~ S ^ US ^ 
contain a slight excess (e.g., from about 
15 0 mole % excess) of a complexing agent or its complex 
with a physiologically acceptable, non-toxic cation. 
Such physiologically acceptable, non-toxic cations 
include calcium ions, magnesium ions, copper ions, zinc 
ions salts of n-methylglucamine and diethanolamme, and 
the like. Generally, calcium ions are preferred. 

Formulations for enteral administration may vary 
widely, as is well-known in the art. In general, such 
formulations are liquids which include an effective 
amount of the paramagnetic ion complex in aqueous 
solution or suspension . Such enteral compositions may 
optionally include buffers, surfactants, thixotropic 
agents, and the like. Compositions for oral 
administration may also contain flavoring agents and 
other ingredients for enhancing their organoleptic 
qualities. /■ 



30 



35 



The diagnostic compositions are administered m 
doses effective to achieve the desired enhancement of 
the NMR image. Such doses may vary widely, depending 
upon the particular paramagnetic ion complex employed, 
the organs or tissues which are the subject of the 
imaging procedure, the MR imaging procedure, the NMR 
imaging equipment being used, and the like. In general, 
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parenteral dosages will range from about 0.001 to about 
1.0 mMol of paramagnetic ion complex per kg of patient 
body weight. Preferred parenteral dosages range from 
about 0.01 to about 0.5mMol of paramagnetic ion complex 
per kg of patient body weight. Enteral dosages 
generally range from about 0.5 to about 100 mMol, 
preferably from about 1.0 to about 10 mMol, preferably 

from about 1.0 to about 20.0 mMol of paramagnetic ion 

complex per kg of patient body weight. 

The diagnostic compositions of the invention are 
used in the conventional manner. The compositions may 
be administered to a patient, typically a warm-blooded 
animal, either systemically or locally to the organ or 
tissue to be imaged, and the patient then subjected to 
the NMR imaging procedure. Protocols for imaging and 
instrument procedures are found in texts such as Stark, 
D.D.; Bradley, W.G. Magnetic Resonance Imaging; Mosby 
Year Book: St. Louis, MO, 1992. 

Radiopharmaceutical Imaging Procedures are found in 
Fred A. Mettler, Jr., M.D., M.P.H., Milton J. 
Guiberteau, M.D., Essentials of Wirier Medicine 
imaging , Grune and Stratton, Inc., New York, NY 1983) 
and E. Edmund Kim, M.S., M.D. and Thomas P. Haynie, 
M.D., (MacMillan Publishing Co. Inc., New York, NY 
1987). ' 

XRCM Imaging Procedures are found in Albert A. 
Moss, M.D., Gordon Gamsu. M.D., and Harry K. Genant, 
MD., Cjas eafeed Tomography of the Body, (W.B. Saunders 
Company, Philadelphia, Pennsylvania 1992) and M. Sovak, 
Editor, R^diocon£rasfe Agents. (Springer-Verlag, Berlin 
1984) . 
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e^ments of the invention d scribed in this document 
A s would be apparant to skilled artisans various 
changes and modifications are possible and are 
contested within th scope of the invention 
described. 



EXAMPLES 
Pvamole 1 



synthesis of l. 5 -dl.sa-3-(carboxym.thyl)«a-l,5- 
( tetrecarbexymetbyl ) pentene 

A mixture of 1.3-diamno-2-hydroxypropane (1.00b. 
0.011 mol). Phthalic anhydride<3.26 g, 0 22 .1) and 
triethylamine (0.11 g. 0.15 ml, 0.001 mol) xn 30 mL 

uene was heated in an oil bath at 120 C using a Dean- 
Start trap to remove water as it formed. 7 h "' 

mixture was cooled to room temperature and the 
ZiTZl filtered. Becrystallization from methylene 
SoridXane gave 1 .3-diphtha 1 imido-2-hydro X ypropane. 

To a solution of i,3-diphthalimido-2-hydroxypropane 
i 40 mmoD in 1° rtL o£ anhydrous 
etrahydro »ran under nitrogen .^sphere is added 97% 

^hydride ,0.04 g, 1.M 
t-butylbromoacetate 10.27 g. 0.22 mL. 1.40 »ol> is 
added and the mixture is refluxed for 8 hrs^ The 
taction mixture is partitioned between methylene 
2 ride and water and the organic layer is separated. 
The organic layer is washed with water, dried over 
^hydrous sodium sulfate and evaporated under reduced 
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pressure to give 1, 3-diphthalilmido-2- (t- 
butyl carboxymethyl ) oxapropane . 

A mixture of 1, 3-diphthalimido-2- (t- 
5 butylcarboxymethyl) oxapropane (0.50 g, 1.08 mmol) and 55% 

hydrazine 10.23 mL, 4.6 rnrnol) in 2 mL of methanol is 
refluxed for 4 hrs. After cooling the reaction solution 
to room temperature, the solids are filtered and the 
filtrate is evaporated under reduced pressure to yield 
10 l, 3-diamino-2- (t -butylcarboxymethyl) oxapropane. 

A solution of 1, 3-diamino-2- (t- 
butylcarboxymethyl) oxapropane (0.20 g, 0.98 mmol) in 5 
mL of water is adjusted to pH 10 with IN sodium 

15 hydroxide. Bromoacetic acid (0.16 g, 3.90 mmol) is 

added and the mixture is stirred at 25 C for 12 hrs., 
keeping the pH >9 with IN sodium hydroxide. The pH of 
the solution is adjusted to 7 with IN hydrochloric acid 
and then the solution is passed through a short bed of 

20 Amberlite IR-120 (H+ form) resin. The water is removed 

under reduced pressure to give 1.5-diaza-3- 
(carboxymethyl ) oxa-1 , 5- ( tetracarboxymethyl) pentane . 
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Example 2 

Synthesis of 1, 5-d±aza-3- (carboxymethyl) oxa-1, 5- 

( tetracarboxymethyl) pentane, gadolinium (III) disodium 

salt 

A slurry of 1, 5-diaza-3- (carboxymethyl) oxa-1, 5- 
( tetracarboxymethyl) pentane (0.40 g, 0.92 mmol), 
sodium hydroxide (0.74 g, 1.84 mmol) and gadolinium 
(III) oxide (0.17 g, 0.46 mmol) in 5 mL of deionized 
water is heated at 80 C under nitrogen atmosphere for 15 
hrs. The clear solution is evaporated under reduced 
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n „ . alass This material is dissolved 
P-ssure to yxeld a glass ^ phase 

in deionxzed v,ater and > ethyl)oxa .x,5- 

r t ir C ar^ — - <™ disodium 

salt. 

3 ^-dia*a-5-<carboxymethyl)o*a-3,7- 
(dicarboxymethyl ) nonane 

give 1 , 3-bis- (2 . 6-dioxoaorphoUno) -2- 
Icarboxymethylloxapentane. 

A mixture of 1. bis . ^ 2 . 

(cat ^e^l»=xapen»ne '0 « J. ^ ^ ^ , ^ 

vacuum desiccator at X - to 1. b»[C» 

(carboxymethyl)oxa-J, ' i» 
Exa mple 4 

8yn tbe.i. o t ...-bisU-et^^nC-X^-ioxo- 
3 f 7 -diaza-5- (carboxymethyl ) oxa-3 , - 
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(die rboxymthyDnonane, bismuth(XlX) salt 

A slurry of 1, 9-bis [ (2-methoxyethyl) amino] -1, 9- 
dioxo-3,7-diaza-5- (carboxymethyl) oxa-3, 7- 
5 dicarboxymethyDnonane (0.50 g, 1.01 mmol) and 

bismuth(III) oxide (0.12 g, 0.50 mmol) in lOmL of 
deionized water was heated at 80 C under nitrogen 
atmosphere for 15 hrs. The solution is evaporated under 
reduced pressure to yield a glass. The glass is 
10 dissolved in deionized water and purified through 

reversed phase packing to give 1,9- 
bis [ (methoxyethyl) amino] -1. 9-dioxo-3 ,7-diaza-5- 
( carboxymethyl ) oxa-3 ,7- (dicarboxymethyl ) nonane, 
bismuth (III) salt. 

Brampla 5 

Synthesis of l,5-diasa-3- (carboxymethyl) amino-1, 5- 
( tetracarboxymethyl ) pentane 

To a solution of 1, 3-diphthalimido-2-hydroxypropane 
(1.00 g., 2,86 mmol) in 80 mL of acetone was added Jones 
reagent (chromium trioxide and sulfuric acid) until an. 
orange color persisted. The excess oxidant was removed 
25 by the addition of 2-isopropanol until a green color was 

obtained and the solvents were evaporated under reduced 
pressure. The residue was partitioned between methylene 
chloride and water and the layers were separated. The 
organic layer was washed with water, dried over 
30 anhydrous sodium sulfate and evaporated under reduced 

pressure to give 1, 3-diphthalimido-3-oxopropane. 

A solution of l,3-diphthalimido-2-oxopropane (0.70 
g, 2.00 mmol) and glycine t-butyl ester (0.26 g, 2.00 
35 mmol) in 20 mL of methanol is stirred at 25 C for 15 
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hrs . Th en solid sodiu* >— ide ^ 

£ve lT-diphthaliaddo-2- ( t-butox y c.r b oxy,aeth y l>- 
aminopropane . 

X mi«ure of ^■^^^T^ , x . 40 mmol) 

and 55% hydrazine 10. M*. ^ 
Methanol is refluxed for 5 hrs. « mter ed and 

y fell 1 3-dta^no-a!« t - b uto^=ar b o JVm eth y l,a ro inopropane. 
X solution of X.S-diaadno^-U- 

5 m, of water is adjusted to p ^ 
hydroxide. Bromoace^c add (0.82 g. 
added and the mixture is stored at 25 C for 
K eepin S the pH >9 with IN sod.- 

-TT^rrr U ts^h a short hed 

:r a j::irri2o <«. r r eys 

, * i r diaxa-3-(carboxymethyl)amino-l,5- 
Synthesis of 1,5-diaza l* } dlaod ium salt 

(tetracarbcKymehyl)pentane. ytterbium (III I 

* 1 «;.diaza-3-(carboxymethyl)aiaino-l,5- 
A slurry of 1,5-diaza * godium 

— nntr - — ,o - 26 80 

ToTs Loti in% - of deionired water is heated at 80 
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C under nitrogen atmosphere for 15 hrs. The solutx s 
evaporated under reduced pressure. The resulting glass 
is dissolved in deionized water and purif xed through 
reversed phase packing to give l,S-diaza-3- 
(carboxymethyl)amino-l, 5- <tetra-carboxymethyl)pentane, 
ytterbium(III) complex, disodium salt. 

TTv-amDle 7 

Synthesis of 1, 9-bist( 2,3 -dihydroxypropyl) amino] -1,9- 
dioxo-3, 7-diaza-5- (carboxymethyl) - amino- 3, 7- 
( dicarbpxymethyl ) nonane 

To a slurry of i,5-diaza-3- (carboxymethyl) amino- 
1.5-(tetracarboxymethyl)-pentane(0.50 g, 1.32 mmol) in 
no, of pyridine is added acetic anhydride (0 40 g, 0 37 
r^. 3.96 mmol). The mixture is heated at 55 C for 5 



hrs. The resulting solids are filtered, washed with 
acetonitrile and dried in a vacuum desiccator » 1 - 
20 give i. 3 -bis-(2.6-dioxo>norpholino)-2-(carbo X ymethyl)- 

aminopentane . 

A mixture of 1,3-bis (2, 6-dioxomorpholino) -2- 
( carboxymethyl) aminopentane (0.45 g, 1,30 mmol) and 1- 
25 amino-2,3-dihydroxypropane(0.24 g, 2.6 mmol) xn 5 mL of 

Tpropanol is heated at 80 C for 12 hrs. The resulting 
solid is filtered after .cooling the reactxon flask to 
room temperature. The solid is washed with 2-propanol 
and dried in a vacuum desiccator at 1 mm to ^^.9- 
30 bis[ (2,3-dihydroxypropyl)andno]-l,9-dxoxo-3,7-dxaza 5 

(carboxymethyl) amino-3 . 7- (dicarboxymethyl) nonane . 

T^vatnole 8 

35 syntb sis of 1,9-bis 1(2, 3-dihydroxypropyl) amino] -1,9- 
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dioxo-3 , 7 -diaza-5- (carboxymethyl ) -amino -3 , 7 - 
dicarboxymethyDnonan , gadolinium (III) compl x 

A slurry of 1,9 -bis [ (2, 3-dihydroxypropyl) amino] - 
1 , 9-dioxo-3 , 7 -diaza-5- (carboxymethyl ) amino- 3 , 7 - 
(dicarboxymethyl)nonane (0.50 g, 0.95 mmol) and 
gadolinium oxide (0.17 g, 0.48 mmol) in 5 mL of 
deionized water is heated at 80 C under nitrogen 
atmosphere for 15 hrs. The clear solution is then 
evaporated under reduced pressure. The resulting glass 
is purified through reversed phase packing using water 
as eluant to yield 1, 9-bis-t (2, 3-dihydroxypropyl) amino] - 
1 9 -dioxo-3,7-diaza-5-(carboxymethyl)amino-3,7- 
(dicarboxymethyl)nonane, gadolinium (III) complex. 

Example 9 

Synthesis of l,l,l-{tris-l2,5-dioxo>-«- 
carboxyhexyl] > ethane. 

To a slurry of 5.00g NaH (60% dispersion in oil) in 
250 mL dry, distilled dimethylf ormanide (DMF) , is added 
17.0mL (18. 2g, 1.20 x 10' 1 mole) 2 -benzyl oxye thanol . 
After stirring for lhr. the mixture is filtered to 
remove unreacted NaH. The filtrate is added to a 
stirred solution consisting of S.OOmL (6.53g, 
3,62xlOWe) l,l,l-tris(chloromethyl)ethane in lOOmL 
DMF After the addition is complete the mixture xs 
allowed to stir overnight. The solvent is removed by 
evaporation at reduced pressure. The residue xs 
dissolved in ethyl acetate, 200mL, and the solution 
washed with water. The organic layer is collected 
dried with sodium sulfate, filtered and concentrated to 
50mL. The solution is diluted with SOmL hexanes and the 
mixture chromatographed on silica using a flash method. 
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Fractions are tested for product content by thin layer 
chromatography (tic) and appropriately combined. The 
combined fractions are filtered and evaporated to leave 
1,1,1- {tris [1- (2 , 5-dioxo) -4-phenylhexyl] } ethane . 

A solution l,l,l-{tris[l-<2.5-dioxo>-4- 
phenylhexyl>ethane, 10.4g (1.99x10- mole) in 50mL ^95% 
ethanol is shaken with 5g 10% Pd on C at 55psx hydrogen 
gas overnight. After removing the catalyst by 
filtration and solvent by evaporation the remaining 
1 . 1 , 1 - { t r i s [ 1 - < 2 -oxo ) -4 -hydroxybuty 1 ] } ethane is 
collected. 

1 1 i-{tris[l-(2-oxo)-4-hydroxybutyl]}ethane, 5.00g 
< 1.98x10-'' *nole) is treated with potassium hydroxide, 
4 OOg (6. 06x10-' mole, 85%) in 50mL dimethyl sulfoxide 
(DMSO) . To this mixture is added benzyl bromoacetate, 
9.90mL (14.31g, 6.24x10- mole). The progress of the 
reaction is followed by thin layer chromatography (tic) . 
When the reaction is complete, the mixture is evaporated 
at reduced pressure, to a sludge and poured over ice 
{5 00g) . The resulting precipitate is collected by 
filtration and washed with water until the filtrate is 
neutral in pH. The crude solid is collected, dissolved 
in ethyl acetate (150mL) and dried overnight with 
magnesium sulfate. After filtering, to remove the 
drying agent, hexanes,is added to effect crystalliztion 
of i,i,l-{tristl-(2,5-dioxo)-6-(carboxybenzyl)- 

hexyl] ) ethane. 

1 1 1- {tris- tl- (2, 5-dioxo) -6- (carboxybenzyl) - 
hexyl]) ethane, 8 .OOgd .ISxlO'We) is shaken with S.OOg 
10% Pd on C in ethanol-water (70:30), 25mL, at 55psi 
hydrogen gas, overnight. The mixture is filtered to 
remove catalyst and the filtrate evaporated to give a 
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The re S idue is crystallized from a 
tacky residue. The res affo rd 1,1,1-Uris- 

mi nimum of boiling ac tonxtrxle to afford 
[2, 5-dioxo) -6-carboxyhexyl] } ethane. 

sample 10- 

of .^<^Uni«»<imU ; ^-««l.-»-<'' 5 - 

<. ™»de by allowing the reaction of 

„ith 3.00g ,7.00 X 10-W of UjH* •» . 
6 - WtbM rr^ in" ^ ^anl. i resulting 

.- . the £utrate 

Teauceo in volute to effect cry.t,Ui»txon. 

sample 11. 

syDth ..i. of —t— <«» «a.».»-^« l -«-- 

dloxo) -carboxyl.to-h.wH >.thM»ll 

. mixt: ure of 2-l<benzyloxy>methyll-2- 

rbvl-t 3-propanediol (Dunn, Neumann. 
(hydroxyroethyl-1 » 3 P»P j _ ^ chffl „. „„, „. 

W.L., RogiC M.M., wouxxc, 

6368), 10. Og ^itr 1 mole) potassium 

(1 .«xlO-W.. J- ^ < 1. «X10 - n a ^ round 

bottom flasK. x 

solut ion aooed dropwise. * 

ESS . ~° - stir overnight. Solvent is 
= fro. the «a r on — 
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DMSO. The organic layer is dried with magnesium 
sulfate. After filtering to remove the drying agent, 
the solution is concentrated and treated with hexanes to 
effect crystallization of 2 , 2 , 2- {tris [1- <2-oxo-4- 
acetoxybuty 1 ) 1 } ethy lbenzy 1 ether . 

A slurry consisting of 5.00g (3.10xlO-We) of 
2 , 2 . 2 - ( t r is [ 1- ( 2 -oxo-4-acetoxybutyl ) 3 ) ethy Ibenzy 1 ether , 
in lOOmL 0.5N sodium hydroxide is allowed to stxr until 
hydrolysis is complete by tic. To the solution is added 
enough 1.0M hydrochloric acid to make P H=2. The 
solution is saturated with sodium chloride and extracted 
with 4xlO0mL dichloromethane. The combined organic 
extracts are dried with magnesium sulfate overnight. 
Aft-r filtering the mixture to remove drying agent, the 
solvent is removed by evaporation under reduced 
pressure. The residue is dissolved in lOOmL DMSO and 
14 2 (0.102g mole) potassium carbonate is added. The 
mixture is stirred and warmed to 40 C. To the mixture 
is added a solution of 15.8mL (19. 0g. 0.0977 mole) t- 
butyl bromoacetate in 50ml, DMSO. The progress of the 
reaction is followed by tic. When the reaction is 
complete, the solvent is removed by evaporation under 
reduced pressure. The residue is suspended in 200mL 
ethyl acetate and washed with 4xl00mL distilled water. 
The organic layer is collected and treated with sodium 
sulfate overnight. The.mixture is filtered to remove 
the drying agent, concentrated by evaporation *»* 
treated with hexanes to effect crystallization of 2,2,2- 
{tris [1- (2, 5-dioxo) - (carboxy- t -butyl )hexyl] }ethylbenzyl 
ether . 

A solution containing 15. Og (2 .lSxlO'We) of 
2 , 2 , 2 - { t r is t 1 - 2 , 5 -dioxo) - ( 6 -carboxy- t - 
butyl)hexyll)ethylbenzyl ether, in lOOmL methanol, is 
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{tris [1- (2, 5-dioxo) - (6-carboxy-t-butyl)hexyl) Jethanol . 

A mixture consisting of 15mL trifluoroac tic acid 
and 13. 3g of 2,2,2-{tris[l-(2,5-dioxo)-(6-carboxy-t- 
butyDhexyinethanol, is allowed to stir for four hours. 
The mixture is evaporated to dryn ss and the residue 
dissolved in lOOmL methanol. To the solution is added 
8 lg 2.18xlO- J mole) gadolinium trichloride hexahydrate, 
and the mixture allowed to stir for two hours. At this 
time 2.62g (6.55xl0' 2 mole) sodium hydroxide is added. 
The resulting precipitate of sodium chloride is removed 
by filtration and the filtrate concentrated to effect 
crystallization of aqua {gadolinium (III) [2,2,2-{tris[l- 
(2, 5-dioxo) -6-carboxylato-hexyl] )ethanol] . 



Example 12 

Synthesis of K',H",N" '-tris(carboxymethyl)-M # N, M- 
tris [ [ [ (2-hydroxyphenyl)methyl] amino] ethyl] amine 
hydrochloride salt. 

Tris(aminoethyl)amine (14.6 g, 100 mmol) and 
salicylaldehyde (39.0 g, 320 mmol) were refluxed in 500 
mL of methanol for ten minutes. Slow cooling afforded 
bright yellow crystals. The solid was isolated by 
filtration and dried to give 40.3 g. (88%) of N. N, N- 
trist [ [ (2-hydroxyphenyl)methylene]amino]ethyllamine. 

A solution of N, N, N-tris[[((2- 
hydroxyphenyl)methylene]amino]ethyl]amine (40.0 g, 87 

mmol) in 250 mL of methanol and 250 mL of methylene 
chloride was cooled in an ice bath. Sodium borohydride 
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(10.0 g, 263 mmol) was added in several portions. 
Stirring was continued at room temperature for two 
hours. The solvents were evaporated and the residue was 
taken up in ether. This solution was washed with water 
and brine, dried over magnesium sulfate, filtered and 
evaporated to afford N, N, N-trist[l(2- 
hydroxvphenyl)methyl]amino]ethyl]amine(30.0g, 74%) as a 

colorless glass. 

A mixture of N, N, N-trisl[[(2- 
hydroxyphenyl)methyl]amino)ethyl]amine(6.0 g, 13 mmol), 

t-butyl bromoacetate (8.1 g, 42 mmol) and 
diisopropylethylamine (5.4 g, 42 mmol) in 90mL of 
acetonitrile was refluxed for four hours. The solvent 
was evaporated and the residue was taken up into ether. 
The solution was washed with water and brine, dried over 
magnesium sulfate, filtered and evaporated to afford a 
thick oil that solidified on standing. The solid was 
recrystallized from ethyl acetate/hexanes to give 8.4 g 
(81%) of N', N" , N' ' ' -tris (t-butoxycarbonylmethyl) -N, N, 
N-trisl [ [ (2-hydroxyphenyl)methyl)amino)ethyl]amine: mp 

84-88 C. 

A solution of N' , N', N"'-tris(t- 
butoxycarbonylmethyl)-N, N. N-tris[[[(2- 
hydroxyphenyl)methyl]aminolethyl]amine (8.0 g, 10 mmol) 
and anisole (5 mL) in 50 mL of trif luoroacetic aczd is 
stirred for five hours at room temperature. The 
solvents are evaporated and the residue is dissolved in 
50 mL of dilute hydrochloric acid. This solution is 
washed with ethyl acetate and evaporated to afford N' , 
N . n' ' ' -tris (carboxymethyl ) -N, N, N-tris[[[(2- 
hy r droxypheny 1 ) methyl ] amino ] ethyl ] amine hydrochloride 
salt. 
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Example 13 

Synthesis of N', N", W ' ' -tri» (carboxymethyl) -N, N, H- 
tris [ [ I (2-hydroxyphenyl)inethyl]amino]ethyl] amino, 
gadolinium complex 

N N- N tris (carboxymethyl) -N, N, N-tris[[[(2- 

hydroxyphenyDmethyl] amino] ethyl) amine hydrochloride 
salt (7.8 g, 10 mmol) is dissolved in 100 mL of water. 
The P H is adjusted to 4 by the addition of 5% sodium 
bicarbonate solution. Gadolinium oxide (3.6 g. 10 mmol) 
is added and the milky suspension is heated at 70 C for 
24 hours. The solution is filtered and evaporated. The 
residue is purified by CIS chromatography to afford N, 

N . n tris(carboxymethyl)-N, N, N-tris[[t(2- 

hydroxypheny 1 ) methyl ) amino) ethyl ) amine . gadolinium 
complex. 
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Although the invention has been described with 
respect to specific modifications, the details thereof 
are not to be construed as limitations, for it will be 
apparent that various equivalents, changes and 
modifications may be resorted to without departing from 
the spirit and scope thereof, and it is understood that 
such equivalent embodiments are to be included therein. 
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CLAIMS 

What is claimed is: 

1. A compound of the general formula: 




wherein A is N or CR X , wherein R l is hydrogen, C t -C 8 
alkyl. or C 6 -C 10 aryl, where the alkyl or aryl group may 
be optionally substituted with one or more hydroxy, C^Ce 
alkyl, C l -C 8 hydroxyalkyl, C^C, alkoxy, C t -C 10 aryl, C 6 -Cio 
hydroxyaryl, C«-C l0 aryloxy, -C0 2 R 2 , 
25 -CONR 3 R 4 , or NR 3 R 4 ; R„ R„ and R 4 may be the same or 

different and are hydrogen, Cj-C 8 alkyl, C x -Ce 
hydroxyalkyl and C x -C, alkoxyalkyl, R 3 and R 4 may form a 5 
or 6 membered carbocyclic ring optionally contaxnxng 
singularly or in combination nitrogen, oxygen or sulfur; 
D is O, -0<CH 2 ) 2 0-, -0<CH 2 ) 3 0-, or NR 5 ; E is O, -0{CH 2 ) 2 O-, 
-0(CH 2 ) 3 0- or NR 6 j F is O, -0(CH 2 ) 2 0-, -0(CH 2 ) 3 0- or NR 7 ; 

r s , R 6 , and R, may be the same or different and are 
hydrogen, Cl -C 8 alkyl, or C 6 -C 10 aryl, where the alkyl or 
aryl group may be optionally substituted with one or 
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alkoxy, C.-C «JT*. w» - " -CONHOH; 

COR, -CONRjR.. or -NR,R„ -SH. -K>,H„ &o>" ° 
g h. t. i. V and . r»y be the sane or deferent and are 
5 an integer from one to about six; 

x is -CO*. -«OA. - S0 > H or - C0NH ° H - 

, The confound o£ Claim 1 wher in A is N. D is NR,. E 
10 h is 2, 1 is 2, : is 1, k is 

3 The compound o£ Claim 1 wherein A is «. U H, D 
, NR S i E is NR*» F is *s U f^^T 

r 7 is H, g is 1. h is 1, 
15 zero, and X is CO a H. 

4 The compound of Claim 1 wherein A is a,. K. U J*. 

.. mm 10- F is -OlCHjljO-, g IS 1. 
D is -0<CH S ),0-, E is -0<CH,),0 , > ' 

his 1. i is 1. J is 1. kisl, mis 1. andX is CO*. 

20 5 . The compound of the general formula 

\ z / z 



30 



35 



wher ein AUK or ^ ^is = ^ ^ ^ 

S^lS^Si with one or « «r . « ,-C 
.1*1. C-C hydroxyalkyl. C.-C. alkoxy. C,-C„ aryl. C, C„ 
hXxyaryl. C.-C. aryloxy. -CO,*, -CONR*. or »*. 
ny * . hVl(> -ame 0 r different and are 

r r. and R. may be the same 01 

Parogen. C.-C. alkyl. C-C hydrox.al.cyl and C.-C. 
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alkoxyalkyl, R 3 and R 4 may form a 5 or 6 membered 
carbocyclic ring optionally containing singularly or in 
combination nitrogen, oxygen or sulfur; D is O, - 
0<CH 2 ) 2 0-, -0(CH 2 > 3 0- or NR 5 ; E is O, -0<CH 2 > 2 0-, -0(CH 2 ) 3 0- 
or NR 6 , F is O, -0(CH 2 ) 2 0-, -0(CH 2 ) 3 O-or NR 7 ; R*, R«, and R, 
may be the same or different and are hydrogen, C^C, 
alkyl, or C 6 -C 10 aryl, where the alkyl or aryl group may 
be optionally substituted with one or more hydroxy, C,-C 6 
alkyl, Ci-Ce hydroxyalkyl, C^Ce alkoxy, C 6 -C l0 aryl, C 6 -C 10 
hydroxyaryl, C 6 -C l0 aryloxy, -C0 2 R 2 , -CONR 3 R 4 , or -NR 3 R 4 , - 
SH, -P0 3 H 2 , -S0 3 H or -CONHOH; g, h, i, j, k and m may be 
the same or different and are selected from an integer 
from one to about six; Z is -CO.Y, -P0 3 HY,-S0 3 Y or - 
CONHOY; and Y is a metal ion equivalent and/or a 
physiologically acceptable cation of an inorganic or 
organic base. 

6. The compound of Claim 5 wherein A is N, D is NR S , E 
is NRe, F is NR 7 , R* is -CH 2 CH 2 OH, R 6 is -CH 2 CH 2 OH, R 7 is - 

20 CH 2 CH 2 OH, g is 2, h is 2, i is 2, j is 1, k is 1, m is 1, 

z is C0 2 Y, and Y is gadolinium. 

7. The compound of Claim 5 wherein A is CR 2 , R x is H, D 
is NR S , E is NRg, F is NR,, R 5 is -CH 2 CONR 3 R 4 , R« is - 
CH 2 CONR 3 R 4 , R 3 is H, R 4 is -CH 2 CHOHCH 2 OH , R 7 is H, g is 1, 
h is 1, j is 1, k is 1, m is 1, i is zero, Z is C0 2 Y, and 
Y is dysprosium. r 

8 The compound of Claim 5 wherein A is CR 3 , Ri is - 
CH 2 OH, D is -0(CH 2 ) 2 0-, E is -0(CH 2 ),0-, F is -0(CH 2 ) 2 0-, g 
is 1, h is 1, i is 1, j is 1, k is 1, m is 1, Z is C0 2 Y, 
and Y is gadolinium. 

9 The compound of Claim 5 wherein A is CR>, R: is H, D 
is NR 5 , E is NR 6 , F is O, R 5 is -CH 2 C0 2 H, R 6 is -CH 2 CC 2 H, g 
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is l. h is 1. J is 1. * i» 1. ■ is 1 iS " r °- ' iS 
C0 2 Y, and Y is rh nium. 

10 . The , - 

is gallium. 

U. The confound of Claim 5 wherein A is H B is 

CHjC^OH, j IS 2, » » 1 " ' J 
1, 2 is CO,Y and Y is technetium. 

,2 The confound o£ Claim 5 wherein A is N. D is « 

is * - f^-.-^Tf^i.^ 

-CH,CH,OH, g is 2. h is 2. 1 is 2. 3 xs 
1, z is CO,Y, and Y is gadolinium. 

13. The compound of Claim 5 wherein A is «.._«. is H. D 
is NR 5 , ■ is NR.. F is O. Rs is -OM»M..- » - 

* U H. R. is -W*. _ » » ^J^" £ 3 
is 1. X is 1. m is 1. i is sero. Z is CO,Y. and Y 

dysprosium. 

14. The compound of Claim 5 wherein A is CR, R, is CH„ 

D is NRs> E is NR.. F is »,. Rs is CH «. » * » 

ch 5 . g is 1. h is 1. V ^ 1. i is l - k 13 m " 11 2 

C0 2 Y, and Y is bismuth. 

15 A method for delivering radiopharmaceuticals to a 
parent which comprises administering to a patient a 
compound of the general formula 
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wherein A is N or CR a , R x is hydrogen, C^C, alkyl, 
or C s -C 10 aryl, where the alkyl or aryl group may be 
10 optionally substituted with one or more hydroxy, C^C, 

alkyl, Ci-Ce hydroxyalkyl , C x -C e alkoxy, C 6 -C 10 aryl, C 6 -C 10 
hydroxyaryl, C s -C 10 aryloxy, -C0 2 R 2 , -CONR 3 R 4 , or NR 3 R 4 ; 
r 2 , R 3 , and R 4 may be the same or different and are 
hydrogen, C^-Ce alkyl, C t -C 8 hydroxyalkyl and Ci-C 8 
15 alkoxyalkyl, R, and R 4 may form a 5 or 6 membered 

carbocyclic ring optionally containing singularly or in 
combination nitrogen, oxygen or sulfur; D is O, - 
0(CH 2 ) 2 0-, -0<CH 2 ) 3 0- or NRs; E is O, -0(CH 2 ) 2 0-, -0<CH 2 ) 3 0- 
or NR 6 , F is O, -O(CH 2 > 2 0-, -0<CH 2 ) 3 0-or NR 7 ; Rj, R s , and R 7 
20 may be the same or different and are hydrogen, Cj-C, 

alkyl, or C«-C i0 aryl, where the alkyl or aryl group may 
be optionally substituted with one or more hydroxy, C 3 -C 8 
alkyl, C^-Ce hydroxyalkyl, C^-Ce alkoxy, C 6 -C l0 aryl, C 6 -C x 
hydroxyaryl, C s -C 10 aryloxy, -C0 2 R 2 . -CONRjR,, or -NR 3 R 4 , - 
25 SH, -POjH 2 , -SOjH or -CONHOH; g, h, i, j, k and m may be 

the same or different and are selected from an integer 
from one to about six; Z is -C0 2 Y, -P0 3 HY, -S0 2 Y or - 
CONHOY; and Y is a metal ion equivalent and/ or a 
physiologically acceptable cation of an inorganic or 
30 organic base. 



16. The compound of Claim 15 wherein A is CR W R x is H, 
D is NR 5 , E is NR 6 , F is O, R 5 is -CH 2 C0 2 H, R 6 is -CH 2 C0 2 H, 
35 g is 1, h is 1, j is 1, k is 1, m is 1, i is zero, Z is 
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COjY, and Y is rhenium. 

17 The compound of Claim 15 wherein A is CR>, R. is 
D is -0<CH 2 >,0-. E is -0<CH,>,0-, F is 

is 1, h is 1. i is 1, jisl.k is 1. > as 1. Z xs CO,Y, 
and Y is gallium. 

18 The compound of Claim 15 wherein A is H. D is MR»# 

- — , is * i- --OH; * u - T „.oh ; : - - 

CH,C,H,OH, g is 2, h is 2, 1 is i, 3 
1. z is CO,Y and 1 is technetium. 



M a method for x-ray imaging which comprises 
a Linisterin, to a patient co^ound of the general 
formula 

sf\ ion* 
N - z 



z 



wherein A is N or CR, R, is hydrogen. C.-C. alkyl. or C«- 
C Try", where the alkyl or aryl group may be optionally 
a^tuted with one or more hydroxy C -C. alkyl. C.-C. 
hydroxyalkyl, C.-C. alkoxy. C,-C„ ^V^'' q . 
hydroxy aryl. C s -C„ aryloxy, -CO*. -«"»*.. « 
Z RJ and R. may he the same or 

^ r. a iwi C,-C« hydroxyalkyl and Cx-Ce 
hvdrogen, C^Cs alkyi, u x v- 8 

alkoxyalkyl. Rj and R. may form a 5 or 6 memhered 
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carbocyclic ring optionally containing singularly or in 
combination nitrogen, oxygen or sulfur; D is O, - 
0(CH 2 ) 2 0-, -0(CH 2 ) 3 0- or NR 5 ; E is O, -0(CH 2 ) 2 0-, -O(CH 2 ) 3 0- 
or NR 6 , F is O, -0(CH 2 ) 2 0-, -0(CH 2 ) a O-or NR 7 ; R s , R s , and R, 
may be the same or different and are hydrogen, C^C^ 
alkyl, or C«-C 10 aryl, where the alkyl or aryl group may 
be optionally substituted with one or more hydroxy, C 3 -C e 
alkyl, d-Ce hydroxyalkyl, Ci-C e alkoxy, C 6 -C 10 aryl, C 6 -C 10 
hydroxyaryl, C 6 -C 10 aryloxy, -C0 2 R 2 , -CONR 3 R«, or -NR 3 R«, - 
SH, -P0 3 H 2 , -S0 3 H or -CONHOH; g, h, i, j, k and m may be 
the same or different and are selected from an integer 
from one to about six; Z is -CO a Y, -P0 3 HY, -S0 3 Y or - 
CONHOY; and Y is a metal ion equivalent and/or a 
physiologically acceptable cation of an inorganic or 
organic base* 

20. A method of Claim 19 wherein A is N, D is NR S , E is 
NR 6 , F is NR 7 , R 5 is -CH 2 CH 2 OH, R 6 is -CH 2 CH 2 OH, R 7 is 
-CH 2 CH 2 OH g is 2, h is 2, i is 2, j is 1, k is 1, m is 1, 
Z is C0 2 Y, and Y is gadolinium. 

21. The compound of Claim 19 wherein A is CR 3 , R x is H, 
D is NR S , E is NR«, F is O, R 5 is -CH 2 CONR 3 R«, R 6 is - 
CH 2 CONR 3 R 4 , R 6 is CH 2 CONR 3 R 4 , R 3 is H, R« is -CH 2 CH 2 OCH 3 , g 
is 1, h is 1, j is 1, k is 1, m is 1, i is zero, Z is 
C0 2 Y, and Y is dysprosium. 

r 

22. A method of Claim 19 wherein A is CR 3 , R x is CH 3 , D 
is NR 5 , E is NRe, F is NR 7 , R 5 is CH 3 , R 6 is CH 3 , R 7 is CH 3 

0 g is 1, h is 1, i is 1, j is 1, k is 1, m is 1, Z is 

C0 2 Y, and Y is bismuth. 

23 . A method for magnetic resonance imaging which 

5 comprises administering to a patient a compound of the 
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general formula: 



10 




wherein A is N or CR J( Rx is hydrogen, Cx-C, alkyl, or C 6 - 
C l0 aryl, where the alkyl or aryl group may be optionally 
15 substituted with one or more hydroxy, Cx-C 8 alkyl, Cx-C e 

hydroxyalkyl, C x -C % alkoxy, C 6 -C 10 aryl, C 4 -C 10 
' hydroxyaryl, C 6 -C 10 aryloxy, -C0 2 R 2 , -CONR 3 R 4 , or NR 3 R 4 ; 
r 2 , R 3 , and R4 may be the same or different and are 
hydrogen, Cx-C e alkyl, Cx-C e hydroxyalkyl and Cx-C, 
20 alkoxyalkyl, R 3 and R 4 may form a 5 or 6 membered 

carbocyclic ring optionally containing singularly or in 
combination nitrogen, oxygen or sulfur; D is O, - 
0(CH 2 ) 2 0-, -0(CH 2 ) 3 0- or NRs; E is O, -0{CH 2 ) 2 C~, -0(CH 2 ) 3 C~ 
or NR 6 , F is O, -0(CH 2 ) 2 0-, -0(CH 2 ) 3 0-or NR,; R 5 , R«, and R, 
25 may be the same or different and are hydrogen, C^C, 

alkyl, or C 6 -C I0 aryl, where the alkyl or aryl group may 
be optionally substituted with one or more hydroxy, C^C* 
alkyl, Cx-Ce hydroxyalkyl, Cj-C 8 alkoxy, C 4 -C 10 aryl, C 6 -C 10 
hydroxyaryl, C«-C l0 aryloxy, -C0 2 R 2 , -CONR 3 R 4 , or -NR 3 R 4 , - 
30 SH, -P0 3 H 2 , -S0 3 H or -CONHOH; g, h, i, j, k and m may be 

the same or different and are selected from an integer 
from one to about six; Z is -C0 2 Y, -P0 3 HY, -SO,Y or - 
CONHOY; and Y is a metal ion equivalent and/or a 
physiologically acceptable cation of an inorganic or 
35 organic base. 
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24. The method of Claim 23 wherein A is N, D is NR S , E 
is NR 6 , F is NR 7 , Rs is -CH 2 CH 2 OH, R 6 is -CH 2 CH 2 OH, R 7 is - 
CH 2 CH 2 OH, g is 2, h is 2, i is 2, j is 1, k is 1, m is 1, 
z is C0 2 Y, and Y is gadolinium. 

25. The method of Claim 23 wherein A is CR W R a is H, D 
is NRs, E is NR 6 , F is NR„ R 5 is -CH 2 CONR 3 R«, R s is - 
CH 2 CONR 2 R 4 , R 5 is H, R 4 is -CH 2 CHOHCH 2 OH, R 7 is H, g is 1, 

h is 1. j is 1, k is 1, m is 1, i is zero, Z is C0 2 Y, and 
10 Y is dysprosium. 

26. The method of Claim 23 wherein A is CR X , Rj is - 
CH 2 OH, D is -0(CH 2 ) 2 0-, E is -0<CH 2 ) 2 0-, F is -0(CH 2 ) 2 0-, g 
is 1. h is 1, i is 1, j isl.k is 1. m is 1, Z is C0 2 Y, 

15 and Y is gadolinium. 
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